Sialic acid has been demonstrated in the blood platelets of man and other species (1, 2), but its function in these elements is unknown. Jerushalmy, Kohn, and de Vries (3) and others (4, 5) have shown that Myxoviruses are adsorbed to and eluted from blood platelets. Bacterial neuraminidase, which liberates free sialic acid by cleavage of the a-ketosidic linkage between terminal sialic acid and galactose or galactosamine (6), interferes with these platelet adsorptionelution phenomena (3) in a manner qualitatively similar to its effect on erythrocytes (7) and leukocytes (8). The electrophoretic mobility of platelets is reduced after neuraminidase treatment (3), again mimicking the behavior of the other blood elements (9, 10).
Sialic acid has been demonstrated in the blood platelets of man and other species (1, 2) , but its function in these elements is unknown. Jerushalmy, Kohn, and de Vries (3) and others (4, 5) have shown that Myxoviruses are adsorbed to and eluted from blood platelets. Bacterial neuraminidase, which liberates free sialic acid by cleavage of the a-ketosidic linkage between terminal sialic acid and galactose or galactosamine (6) , interferes with these platelet adsorptionelution phenomena (3) in a manner qualitatively similar to its effect on erythrocytes (7) and leukocytes (8) . The electrophoretic mobility of platelets is reduced after neuraminidase treatment (3) , again mimicking the behavior of the other blood elements (9, 10) .
Our investigations have yielded previously unknown data concerning the type and distribution of sialic acid in the platelet and its availability to viral and bacterial neuraminidases.
Materials and Methods
Human group 0, Rh-positive blood was collected by antecubital puncture into plastic bags containing EDTA anticoagulant 1 (1.5% disodium ethylenediaminetetraacetate in 0.7%o NaCl). The plasma was separated by centrifugation at 290 X g at 40 C for 25 minutes in an In-ternational PR-2 refrigerated centrifuge. This plateletrich plasma was again centrifuged in the same manner to further reduce the number of erythrocytes and leukocytes; the platelet button was obtained by centrifugation at 1,350 X g at 4°C for 30 minutes. The platelets were washed 3 times by resuspension in approximately 50 vol of cold Tris saline buffer (0.135 M NaCl, 0.02 M Tris, pH 7.4) with 0.02%o Triton 2 and centrifugation at 1,350 X g at 4' C for 30 minutes. They were finally resuspended for study in Tris saline buffer containing 0.002 M CaCl2, final concentration. All glassware was siliconized.
Platelet counts were done by the direct method using phase contrast microscopy (11) . The platelet suspensions were diluted quantitatively to give concentrations suitable for counting. Contamination with erythrocytes and leukocytes was measured directly on the undiluted final platelet suspension. This did not exceed 200 leukocytes per mm' or 1,500 erythrocytes per mm3, and the contribution of their sialic acid to the quantitation of platelet sialic acid was not considered further.
Platelet protein was measured in dilutions of fractions of the final suspensions by the Folin-phenol method of Lowry, Rosebrough, Farr, and Randall (12) with bovine serum albumin 3 as standard.
Neuraminidase of Vibrio cholerae, purified by the method of Mohr and Schramm (13),4 was concentrated by pressure ultrafiltration (14) to contain 600 U of enzyme activity per ml, 1 U being equal to the amount of enzyme necessary to liberate 1 ,ug of sialic acid from acid alpha-i glycoprotein 5 in 15 minutes at 370 C.
Free sialic acid was measured by the thiobarbituric acid method of Warren (15) . Crystalline N-acetylneuraminic acid (NANA)6 was used as a reference standard with each assay. Optical density readings in a Beckman DU spectrophotometer at 532 m, were subtracted from the readings at 549 mu, as suggested by Warren (15) 
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PLATELET SIALIC ACID platelets in 0.1 N HSO4 at 80 to 820 C for 1 hour (mild acid hydrolysis) before measuring by the Warren method. Since further hydrolyses were found, in preliminary studies, to result in an additional yield of sialic acid of less than 5%o, they were not used.
Influenza PR8 virus grown in embryonated eggs was partially purified by a single cycle of adsorption-elution with human group 0, Rh-positive red cells, spun at 40,-000 X g at 40 C for 90 minutes in a Spinco Model L ultracentrifuge, and resuspended in cold Tris saline buffer immediately before use.
Sialic acid for chromatography was prepared by mild acid hydrolysis of platelets, as described. The hydrolyzed platelet remnants were spun down (21,000 X g for 2 hours), the supernatant fluid neutralized with 0.1 M Ba(OH),, and the precipitate removed. This supernatant liquid was passed through columns of Dowex-1-formate (1 X 10 cm), which were then washed with water and 0.05 M formic acid. Sialic acid was eluted with 0.6 M formic acid, lyophilized, and redissolved in water. Ascending paper chromatography (on Whatman 1 filter paper) was performed in two solvent systems: n-butanol: n-propanol: 0. Crystalline N-acetylneuraminic acid and N-glycolylneuraminic acid (NGNA) from porcine submaxillary mucin7 (80% pure) were applied to each paper as standards. The sialic acids were localized with thiobarbituric acid spray reagent (18) . Preliminary studies showed that as little as 3 ,ug of sialic acid could be detected by these methods. e) One sample was, six times successively, frozen in dry ice-alcohol and thawed in a 37°C bath. The frozenthawed suspension was divided into several portions from which samples for protein were removed and treated by acid hydrolysis for 1 hour or virus or neuraminidase for 2 hours. One sample was centrifuged (21,000 X g for 2 hours) and the supernatant liquid assayed for sialic acid, directly and after acid hydrolysis.
Platelet samples not subjected to any treatment and appropriately diluted neuraminidase and virus were in-cluded in each study. These were incubated identically to the test specimens, and samples were removed at the same times for sialic acid measurement.
Human group 0, Rh-positive erythrocytes, and stroma prepared quantitatively by the method of Tishkoff, Robscheit-Robbins, and Whipple (19) were included as further controls and subjected to the same general procedures as the platelets. The sialic acid of erythrocytes has been studied extensively (9, 20, 21) , and the amount of this substance that should be released under given conditions can be predicted with reasonable confidence. In every study, the amount of sialic acid released after neuraminidase treatment of intact erythrocytes for 2 hours or acid hydrolysis of equivalent amounts of During an identical period of incubation with influenza PR8 virus, only 6.5 ug sialic acid was released by the action of viral enzyme, or approximately two-thirds as much as by bacterial neuraminidase. Although this amount increased to 9.9 ,ug on prolonged incubation, spontaneous platelet disintegration was occurring and probably contributing both free and total sialic acid to the virus-treated specimens. Confirmation was provided by control platelet specimens, showing the release of 1.7 Mug of sialic acid into the suspending medium (Table I) .
The release with time of free sialic acid by treatment of intact platelets with purified neuraminidase or influenza virus is illustrated in Figure 3 . Sialic acid release was essentially linear, except for the 24-hour virus-treated specimen which, as noted, represented at least in part an artifact of platelet disruption. Adsorption of virus to platelets in the cold before incubation at 370 C resulted, as expected, in a slightly accelerated early release of sialic acid. The overall results were unchanged.
Prior incubation of platelets in a 3%o final concentration of dextran at 370 C for 30 minutes did not interfere with the total sialic acid released by mild acid hydrolysis (Table II) 10.1 to 8.3 and from 6.6 to 4.8 utg sialic acid per mg platelet protein, respectively. Electrophoretic mobility. The electrophoretic mobility of human platelets in a lateral cell at pH 6.4 was reduced after neuraminidase treatment from -1.14 to -0.66 tt per second per volt per cm. The isoelectric point of normal platelets under these conditions was found to be 3.88. Experiments to determine the effects of neuraminidase and aldehydes on the isoelectric point of platelets were attempted, but neuraminidase-treated platelets exhibited great instability at markedly acidic or alkaline pH values, precluding any valid interpretation of these mobility data. These studies were therefore abandoned.
Discussion
Under most circumstances, sialic acid occurs in a bound form linked, through intermediary carbohydrates, to protein (6) . The presence of free sialic acid has been reported previously, notably in the thyroid gland (24) and the cerebrospinal fluid (25, 26) . Saifer and Gerstenfeld (27) (9) have shown that the carboxyl group of sialic acid is primarily responsible for the negative surface charge of erythrocytes. In our study, removal of sialic acid was also associated with a marked decrease in the net negative charge of platelets. Ross and Ebert (33) postulated that dextran might lower platelet mobility by conjugating with cell surface proteins and, by so doing, changing their orientation. Similarly, neuraminidase release of sialic acid from platelets might be reduced by dextran conjugation with protein, producing either steric hindrance of enzymatic sites or reorientation, thus presenting sialic acid groups insusceptible to neuraminidase action.
Sialic acids have been demonstrated in most blood cells (3, 9, 10) and in other body tissues and fluids (34) . Their precise function is not known. Removal of sialic acid is associated with changes in the antigenic character and survival of erythrocytes (35, 36) , leukocyte metabolism (37) , and the adhesiveness of malignant cells to vascular endothelium (38) . The occurrence of similar effects in platelets has not been explored. Our study confirms the contribution of sialic acid to the surface charge of the blood elements (3, 9, 10) . This is a descriptive phenomenon, however, rather than one of known functional significance. Gottschalk (39) has suggested that certain aspects of the viscosity of body fluids are dependent on the presence of sialic acid and that the binding of gonadotropic hormones and erythropoietin to effector sites may also be a function of this substance.
Platelets have a marked capacity to adsorb plasma proteins to their surface (40) . These proteins may not be removed, even with the extensive washing procedures we employed, and it is entirely conceivable that a significant although relatively constant amount of the sialic acid measured in these studies was contributed by adsorbed substances. Summary
The sialic acid of platelets from human group 0, Rh-positive blood was shown by paper chroma- 
